Chemical investigation of a Fijian ascidian, Polyandrocarpa sp., has resulted in the isolation of two new 2-aminoimidazolone-derived compounds, polyandrocarpamines A (1) and B (2). The structures of these unique metabolites were determined by the interpretation of spectroscopic data and confirmed by total synthesis. The stereospecific synthesis of 1 was accomplished using aldol condensation chemistry to generate an arylidene thiohydantoin that was subsequently transaminated to yield polyandrocarpamine A. Demethylation of synthetic 1 afforded polyandrocarpamine B.
Introduction
Marine organisms have proven to be a rich source of novel and structurally diverse metabolites that display a wide variety of biologically significant activity. Examples include the anti-fouling oroidin dimer, mauritiamine, 1 the MEK-1 inhibitor, hymenialdisine, 2 and the histaminergic antagonist, dispacamide. 3, 4 The marine metabolites listed above all belong to the 2-aminoimidazolone class of compounds that have been predominantly isolated from marine sponges. Interestingly, ascidians, which are known for their production of nitrogenous metabolites, 5 have only contributed two compounds to this structure class thus far. These include the N,Ndimethylaminoimidazolone compounds, 3 and 4 ( Figure 1 ), both of which were isolated from the ascidian Dendrodoa grossularia. 6, 7 This paper reports the isolation, structural elucidation and total synthesis of two new members of this structure class, which we have named polyandrocarpamines A (1) and B (2) . These novel alkaloids were purified as part of our continuing investigations of Fijian ascidians for new structural and/or potentially therapeutic chemistries.
Results and Discussion
A freeze-dried sample of an undescribed Polyandrocarpa sp. 8 (Styelidae) was exhaustively extracted with MeOH. This extract was evaporated to dryness then chromatographed on a C 18 bonded silica flash column using a MeOH/H 2 O gradient. One of the earlier eluting fractions was subjected to Sephadex LH-20 (MeOH) chromatography and yielded pure polyandrocarpamines A (1, 0.04% dry wt) and B (2, 0.23% dry wt). at m/z 234.08816 ( ppm) allowed a molecular formula of C 11 H 11 N 3 O 3 to be assigned to 1. Eight degrees of unsaturation were calculated for compound 1. Strong absorption bands at 1666 and 3600-3000 cm -1 in the IR spectrum suggested that 1 contained a carboxyl moiety and an amine and/or hydroxyl groups, respectively. The 13 C NMR spectrum (Table 1) Confirmation of the C-8 substitution was provided by 3 J CH correlations for the proton singlet at  6.54 (H-7) to both benzenoid carbons C-9 (114.1 ppm) and C-13 (124.5 ppm).
The methoxyl group at 3.91 was attached to C-10 due to a strong 3 J CH correlation to 149.3 ppm and a ROESY cross-peak with H-9 ( 7.24). A hydroxyl group was attached to C-11 based on the characteristic downfield 13 C chemical shift (149.0 ppm) of this carbon.
9,10
The presence of a phenol was supported by the UV spectrum, which underwent a bathochromic shift from 352 to 404 nm on addition of base. While the majority of the structure for polyandrocarpamine A had been assigned, a C 3 H 3 N 3 O subunit still remained to be elucidated. This unidentified substructure contained three low-field quaternary 13 showed only minor discrepancies. 3, 4 The geometry of the exocyclic double bond in 1 was determined on the basis of 13 C/ 1 H long range coupling constants, which were measured using a gHSQMBC experiment. 13 Analysis of this 2D NMR experiment revealed that the coupling constant between the exocyclic proton at  6.54 (H-7) and the imidazolone carbon at 178.2 ppm (C-4) was 5.5 Hz, consistent for Z geometry. 14, 15 With the stereochemistry defined, structure 1 was assigned to polyandrocarpamine A.
The major metabolite, polyandrocarpamine B (2) was isolated as a stable yellow solid. The molecular formula C 10 H 9 N 3 O 3 was determined by interpretation of the Tables 1 and 2 ) showed the only major difference to be the absence of a methoxyl substituent in polyandrocarpamine B. A gHSQMBC experiment was again used to establish the exocyclic double bond geometry of 2 as Z.
With the stereochemistry defined, structure 2, the O-demethyl analog of 1, was assigned to polyandrocarpamine B.
Although polyandrocarpamines A and B were not isolated using bioassay guided fractionation, we wished to obtain more material for future biological evaluations, since a variety of bioactivities have been reported for members of this structure class. The recent syntheses of dispacamide (5) and leucettamine B (6), both of which have a high degree of structural similarity to the polyandrocarpamines, presented us with already developed chemistry for the synthesis of 2-aminoimidazolones ( Figure 2) . 16, 17 The key step in both these syntheses involved a facile one-pot conversion of an alkyl-or aryl-idene thiohydantoin to the corresponding 2-aminoimidazolones by employing tertbutylhydroperoxide (TBHP) in the presence of aqueous NH 4 OH. We decided to use this relatively new chemistry for the production of both polyandrocarpamines A and B.
We initially synthesized a small series of vanillin-derived thiohydantoin analogs 12a-15a, all of which had the potential to be converted into either polyandrocarpamine A or B following a TBHP promoted transamination reaction. The readily available 3-acetyl-2-thioxoimidazolidin-4-one (7) 18 was separately condensed with each of the vanillin derivatives 8-11 in a NaOAc/AcOH slurry under refluxing conditions (Scheme 1), 16 and yielded the pure 5-arylidene-2-thiohydantoins, 13a (82% yield), 14a (87% yield) and 15a (65% yield). Interestingly, the condensation reaction that used unprotected vanillin 8 yielded an 8:1 mixture of the Z and E thiohydantoin isomers, 12a
and 12b respectively. Although the Z isomer 12a (63% yield) was finally purified by recrystallization (MeOH/H 2 O), all previously published syntheses of 5-arylidene-2-thiohydantoin systems had reported the production of only the Z isomer, with no 6 fractional crystallization or chromatography required. 16, 18 Closer inspection of the literature revealed that all the aromatic aldehydes that had previously been used for these aldol condensation reactions were devoid of phenol functionality. Hence, our results suggested that the free phenol interfered with the stereochemical integrity of the aldol reaction.
The development of a synthesis containing a phenol-based product often requires mandatory protection in order to prevent side reactions with oxidizing agents, electrophiles or the reaction of the nucleophilic phenoxide ion with appropriate receptors/reagents. 19 Since the required transamination reaction included the use of an oxidizing agent (TBHP), and basic conditions (aq. NH 4 OH) that would generate the phenoxide ion, we decided to pursue the remaining synthetic step with one of the phenolprotected thiohydantoins. Ester hydrolysis studies were performed on both the acetate and pivaloate thiohydantoin analogs, 14a and 15a, using the proposed literature transamination conditions (MeOH, aqueous NH 4 OH, rt, 72 h) but without the reagent, TBHP. 16 These hydrolysis reactions were monitored using analytical C 18 HPLC with samples taken at 1, 2, 4, 8, 24, 48 and 72 h intervals. The acetate analog 14a was shown to be fully hydrolyzed within the first 2 h, whereas the pivaloate derivative 15a did not show significant signs of ester hydrolysis until 24 h. Full ester cleavage of 15a was achieved after 72 h. No side products were detected by HPLC during these hydrolysis studies. The hydrolysis data were consistent with the literature, which had previously reported that the pivaloate group was more resilient than the acetate moiety under basic conditions, due to steric hindrance considerations. 19, 20 As a result of these studies, the more robust pivaloate thiohydantoin 15a was chosen for the final transamination step.
Literature procedures were initially employed using 3 mol equivalents of TBHP, in aqueous NH 4 OH and MeOH. 16, 17 After 72 h the reaction mixture was subjected to C 18 flash chromatography followed by C 18 semipreparative HPLC to yield pure synthetic C NMR data along with the MS, IR and UV spectra of this synthetic 2-aminoimidazolone compound were shown to be identical to that of the natural product, polyandrocarpamine A (1).
Synthetic polyandrocarpamine A (1) was demethylated using BBr 3 .S(Me) 2 in refluxing DCE 21 to yield compound 2 in a yield of 20%. Spectroscopic data for this demethylated synthetic compound was identical to that of the natural product, polyandrocarpamine B (2).
Marine metabolites containing either alkyl-or aryl-lidene aminoimidazolone systems have been reported to undergo double bond isomerization under a variety of conditions. The aplysinopsin class of metabolites have been shown to photoisomerize in solution under either UV irradiation or daylight exposure in the laboratory, 14,22 while 10E-debromohymenialdisine was observed to partially convert to its 10Z isomer upon attempted recrystallization using hot MeOH. 23 Due to these literature reports we decided to perform stability studies on both the natural products and the synthetic compounds 8 from this project. All the thiohydantoin analogs 12a-15a were shown to undergo double bond isomerization to varying degrees when stored in the laboratory at rt in DMSO-d 6 .
The samples 12-15 where analyzed weekly by 1 H NMR spectroscopy and the relative ratios of the E to Z isomers ( Figure 3) were calculated by integration of the exocyclic proton singlet, H-6 (Table 3) . Apart from the E isomers, no other decomposition material was identified during these NMR studies. Interestingly, neither the natural products or synthetic compounds of the polyandrocarpamines showed any degradation or isomerization during the 1D and 2D NMR studies in CD 3 OD. Synthetic polyandrocarpamines A and B were also stored in DMSO-d 6 at rt in the laboratory without degradation or isomerization even after two weeks.
It should also be noted that both polyandrocarpamines A and B were only sparingly soluble in CD 3 OD, but that this deuterated solvent afforded the best NMR signal dispersion and linewidths. In analogy to the hymenialdisine class of compounds, 23 the 1 H NMR spectra of compounds 1 and 2 were found to be concentration dependent.
While no doubling of proton signals was detected, the chemical shifts and linewidths did vary depending on the amount of material present in the NMR tube.
Conclusion
To the best of our knowledge this study represents only the third report on new chemistry from the ascidian genus, Polyandrocarpa. Previous investigations have reported the isolation of the antimicrobial guanidine-derived metabolites, the polyandrocarpidines, [24] [25] [26] and the -carbonyl indole-based alkaloids, polyandrocarpamides A-D. 27 This is the first report of 2-aminoimidazolone-derived compounds from this genus. The synthesis of both polyandrocarpamines A (1) and B (2) confirmed the spectroscopically assigned structures. The synthetic approach provided larger quantities of these novel secondary metabolites for future biological evaluation, and is also readily amenable to analog production.
Experimental

General Procedures
NMR spectra were recorded on either a Varian Mercury 400 spectrometer ( peripharyngeal ring forming a deep "v" around the dorsal tubercle, which opens in a vertical slit; a small digestive tract, which contains a stomach that has 6 or 7 folds and a small curved caecum, 2 or 3 endocarps in the intestinal loop and no other body wall; very large longitudinal vessels on the branchial sac.
Extraction and Isolation
11
The freeze-dried Polyandrocarpa sp. a Interchangeable signals.
Thiohydantoin 13a [(5Z)-5-(3,4-dimethoxybenzylidene)-2-thioxoimidazolidin-4-one].
Yellow solid (504 mg, 82% yield); mp 231-233 C; UV (MeOH)  max 256 ( 12 000), 300 ( 7 000), 388 nm ( 32 000); IR  max (NaCl) 
